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 ⦡⚛Ⴧᗵᄥ㓁㔚ᳰ䋨Dye-sensitized solar cells䇮DSC䋩䈲䇮ૐ䉮䉴䊃䈪◲ଢ䈮૞⵾น⢻䈪䈅䉎䈖䈫䈎䉌ታ↪ൻ
䈏ᦼᓙ䈘䉏䈩䈍䉍䇮䈘䉌䈭䉎ᄌ឵ല₸䈱ะ਄䈏᳞䉄䉌䉏䈩䈇䉎䇯DSC 䈱ᄌ឵ല₸ะ਄䈱䈢䉄䈮䈲䇮㉄ൻ䉼䉺
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⩄ャㅍല₸䉕᦭䈜䉎㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ䈲ઍᦧ㒶ᭂ᧚ᢱ䈫䈚
䈩᦭ᦸ䈪䈅䉎䋨࿑ 1䋩䇯㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ䉕DSC䈮ᔕ↪䈚䇮ᄌ
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䉦䊆䉵䊛䉕⸃᣿䈚䈢䇯 
 ㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱ု⋥㈩ะᕈ䉕ะ਄䈘䈞䉎䈢䉄䈮䈲䇮㊄ዻ䉼䉺䊮⤑䈲䇮ⓨ㓗䈏䈭䈒✺ኒ䈭᭴ㅧ䉕᦭
䈚䈩䈇䉎ᔅⷐ䈏䈅䉎䈖䈫䉕␜䈚䈢䇯䈠䈚䈩䇮ૐAr䉧䉴࿶ജਅ䋨0.08 Pa䋩䈪 DC䊙䉫䊈䊃䊨䊮䉴䊌䉾䉺䉕ⴕ䈭䈉䈖䈫䈮䉋
䉍䇮ෘ䈒䋨ᢙ µm~䋩✺ኒ䈭㊄ዻ䉼䉺䊮⤑䉕ၸⓍ䈜䉎䈖䈫䈏䈪䈐䇮䈠䉏䉕㓁ᭂ㉄ൻ䈜䉎䈖䈫䈮䉋䉍䇮࿕૕ၮ᧼਄䈮ု
⋥㈩ะ䈚䈢㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䉕ᒻᚑ䈪䈐䉎䈖䈫䉕␜䈚䈢䇯࿑ 2 䈮␜䈜䉋䈉䈮䇮᳓䈱Ớᐲ䉕ᄌൻ䈘䈞䉎䈖䈫䈮
䉋䉍䇮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱⤑਄㕙䈏ṁ⸃䈘䉏䈢䉍䇮⶷᭴ㅧ䉕᦭䈜䉎㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈏ᒻᚑ䈘䉏䈢
䉍䈜䉎䇯࿑ 3 䈮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱ᒻ⁁䈱㔚⸃ᶧ⚵ᚑଐሽᕈ䉕␜䈜䇯࿑ 3 䈎䉌䇮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯
⤑䈱ᒻ⁁䈲㔚⸃ᶧਛ䈱ᢙ%⒟ᐲ䈱ᓸ㊂䈭᳓䈍䉋䈶䊐䉾ൻ䉝䊮䊝䊆䉡䊛䋨NH4F䋩䈱ᓇ㗀䉕ᒝ䈒ฃ䈔䉎䈖䈫䈏ಽ䈎䉎䇯
࿑ 4䈮᳓䈮ኻ䈜䉎 NH4F䈱⋧ኻỚᐲ䈫㓁ᭂ㉄ൻㅦᐲ䈱㑐ଥ䉕␜䈜䇯࿑ 4䈎䉌䇮㓁ᭂ㉄ൻㅦᐲ䈲 NH4F⋧ኻỚ
ᐲ䈫䈫䉅䈮Ⴧട䈚䇮䈠䈱ᓟ䈲ᷫዋ䈜䉎䈖䈫䈏ಽ䈎䉎䇯䈠䈚䈩䇮ᷫዋ䈮ォ䈝䉎ὐ䋨䋽ㆫ⒖ὐ䋺࿑ 4ਛ䈱㸣䋩䈲NH4FỚ
ᐲ䈮ଐሽ䈜䉎䈏䇮ㆫ⒖ὐએ೨䈱㓁ᭂ㉄ൻㅦᐲ䈲 NH4F Ớᐲ䈮䈲ଐሽ䈞䈝䈮㊀䈭䈦䈩䈇䉎䈖䈫䈏ಽ䈎䉎䇯䉁䈢䇮
⤑਄㕙䈱ṁ⸃䈍䉋䈶⶷᭴ㅧ䈱ᒻᚑ䈏䈭䈇㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈏ᒻᚑ䈪䈐䉎㗔ၞ䉕࿑ 3 ਛ䈱ὐ✢䇮㓁ᭂ㉄
ൻㅦᐲ䈏Ⴧട䈚䈩䈇䉎㗔ၞ䈫䈱Ⴚ⇇䉕৻ὐ㎮✢䈪␜䈜䇯䈖䈱 2䈧䈱Ⴚ⇇䈲㊀䈭䈦䈩䈇䉎䈖䈫䈏ಽ䈎䉎䇯䈖䉏䉌䈱
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䈇䉎䇯䈘䉌䈮䇮㓁ᭂ㉄ൻㅦᐲ䈲䊐䉾ൻ‛䉟䉥䊮䈱᳓䈮ኻ䈜䉎⋧ኻỚᐲ䈮ଐሽ䈜䉎䈫઒ቯ䈚䈢䊝䊂䊦䉕↪䈇䈩㓁
ᭂ㉄ൻㅦᐲ䉕⸘▚䈚䈢⚿ᨐ䉕࿑ 4ਛ䈮ታ✢䈍䉋䈶ὐ✢䈪␜䈜䇯࿑ 4 䈎䉌䇮ታ㛎୯䈫⸘▚୯䈲৻⥌䈚䈩䈇䉎䈖䈫
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 (a) 0.2 M NH4F, 1 vol.% H2O 
 
   
 (b) 0.2 M NH4F, 5 vol.% H2O  
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․ᕈ䉕ૐਅ䈘䈞䉎ⷐ࿃䈫䈭䉎䇯․䈮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱ౝოጀ䈮䈲ਇ⚐‛䈏ᄙ䈒฽䉁䉏䈩䈇䉎䈖䈫䈏⍮䉌
䉏䈩䈍䉍䇮䈠䈱ᰳ㒱䉕⹏ଔ䈜䉎䈖䈫䈲㊀ⷐ䈪䈅䉎䇯ᧄ⎇ⓥ䈪䈲䇮නጀൻಣℂ䉕ⴕ䈉䈖䈫䈮䉋䉍䇮නጀ䈍䉋䈶 2 ጀ᭴
ㅧ䉕᦭䈜䉎㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䉕ᒻᚑ䈚䇮X ✢ബ⿠䊐䉤䊃䊦䊚䊈䉾䉶䊮䉴䋨XEOL䋩ᴺ䉕↪䈇䈩䈠䈱ᰳ㒱䉕⹏
ଔ䈚䈢䇯 
࿑ 5䈮 2ጀ䈍䉋䈶නጀ᭴ㅧ䉕᦭䈜䉎㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱 XEOL䉴䊕䉪䊃䊦䈍䉋䈶䊏䊷䉪䊐䉞䉾䊁䉞䊮䉫
⚿ᨐ䉕␜䈜䇯࿑ 5䈎䉌䇮XEOL䉴䊕䉪䊃䊦䈲㉄⚛ⓨሹ↱᧪䈱 2.34䇮2.67 eV䇮ਇ⚐‛䋨䊐䉾⚛䋩↱᧪䈱 2.0 eV䈍䉋
䈶ਇ⚐‛䋨὇⚛䋩↱᧪䈱 2.47 eV䈱䊏䊷䉪䈪᭴ᚑ䈘䉏䈩䈇䉎䈖䈫䈏ಽ䈎䉎䇯䈠䈚䈩䇮2.47 eV䈱䊏䊷䉪䈲 2ጀ᭴ㅧ
䈱㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱䉂䈮⴫䉏䈩䈇䉎䈖䈫䈎䉌䇮ౝოጀ䈮䈲ਇ⚐‛䋨὇⚛䋩↱᧪䈱ᰳ㒱䈏ᄙ䈒ሽ࿷䈜䉎䈖
䈫䉕␜ໂ䈚䈩䈇䉎䇯䉁䈢䇮࿑ 6 䈮䊏䊷䉪㕙Ⓧ䈱ኒᐲ䉕␜䈜䇯࿑ 6 䈎䉌䇮䊏䊷䉪㕙Ⓧ䈱ኒᐲ䈲䇮නጀ᭴ㅧ䈱ᣇ䈏 2
ጀ᭴ㅧ䈫Ყセ䈚䈩Ყセ䈚䈩ዊ䈘䈇䈖䈫䈏ಽ䈎䉎䇯એ਄䈱⚿ᨐ䈎䉌䇮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱ౝოጀ䈲ᄖოጀ䈫
Ყセ䈚䈩ᰳ㒱ኒᐲ䈏㜞䈒䇮․䈮ਇ⚐‛䋨὇⚛䋩䈮䉋䉎ᰳ㒱䈏ᄙ䈒ሽ࿷䈚䈩䈇䉎䈖䈫䈏␜ໂ䈘䉏䈢䇯 
 
╙䋴┨ ㉄ൻ࠴࠲ࡦ࠽ࡁ᭴ㅧ⭯⤑ߩ⦡⚛Ⴧᗵᄥ㓁㔚ᳰ߳ߩᔕ↪ 
 
 ╙4┨䈪䈲䇮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䉕↪䈇䈢DSC䈱૞⵾䈍䉋䈶․ᕈ⹏ଔ䈮䈧䈇䈩⸥ㅀ䈚䈩䈇䉎䇯㊄ዻ䉼
䉺䊮⤑䈫 TCO ⤑䈫䈱㑆䈮㉄ൻ䉼䉺䊮଻⼔⤑䉕଻⼔⤑䈫䈚䈩ᝌ౉䈚䇮䈘䉌䈮䈠䉏䉕⌀ⓨ৻⽾䊒䊨䉶䉴䈪ⴕ䈉䈖䈫
䈮䉋䉍䇮㓁ᭂ㉄ൻ䈮䉋䉎 TCO⤑䈱ṁ
⸃䉕ᛥ೙䈚䇮TCO⤑਄䈮㉄ൻ䉼䉺䊮
䊅䊉᭴ㅧ⭯⤑䉕ᒻᚑ䈪䈐䉎䈖䈫䉕␜
䈚䈢䇯䈠䈚䈩䇮TCO ⤑਄䈮ᒻᚑ䈚䈢
㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䉕↪䈇䈩೨
㕙ᾖ኿ဳ DSC 䉕૞⵾䈚䇮․ᕈ⹏ଔ
䉕ⴕ䈦䈢䇯 
 ࿑ 7 䈮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䉕
↪䈇䈢 DSC䈱 I-V․ᕈ䈻䈱ౝოጀ
䈱ᓇ㗀䉕␜䈜䇯䉁䈢䇮࿑ 8 䈮㉄ൻ䉼
䉺䊮䊅䊉᭴ㅧ⭯⤑䈱 FE-SEM௝䉕␜
䈜䇯࿑ 7 䈎䉌㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯
⤑䈱ౝოጀ䈲䇮DSC 䈱㐿᡼㔚࿶
䋨Voc䋩䈍䉋䈶䊐䉞䊦䊐䉜䉪䉺䊷䋨FF䋩䉕
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       㧔a㧕 2ጀ᭴ㅧ           㧔b㧕නጀ᭴ㅧ 
  
     ࿑ 5  ㉄ൻ࠴࠲ࡦ࠽ࡁ᭴ㅧ⭯⤑ߩ XEOLࠬࡍࠢ࠻࡞      ࿑ 6 න૏૕Ⓧᒰߚࠅߩࡇ࡯ࠢ㕙Ⓧ 
500 nm
500 nm
100 nm
(a) With inner layer
  
500 nm
500 nm
100 nm
(b) Without inner layer
   
࿑ 8 ㉄ൻ࠴࠲ࡦ࠽ࡁ᭴ㅧ⭯
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ૐਅ䈘䈞䉎䈖䈫䈏ಽ䈎䉎䇯DSC 䈱 Voc
䈱ᦨᄢ୯䈲㉄ൻ䉼䉺䊮䈱䊐䉢䊦䊚䉣
䊈䊦䉩䊷䋨EF䋩䈫㔚⸃ᶧ䈱㉄ൻㆶర
㔚૏䈱Ꮕ䈮䉋䉎䈖䈫䈏⍮䉌䉏䈩䈇䉎䇯
╙ 3 ┨䈮䈍䈇䈩ౝოጀ䈮䈲ᰳ㒱䈏
ᄙ䈒ሽ࿷䈚䈩䈇䉎䈖䈫䈏␜ໂ䈘䉏䈩
䈍䉍䇮䈖䈱⚿ᨐ䈲䇮䊋䊮䊄䉩䊞䉾䊒㑆
䈮ᰳ㒱Ḱ૏䈏ሽ࿷䈜䉎䈖䈫䈮䉋䉍㉄
ൻ䉼䉺䊮䈱EF䈏ଔ㔚ሶᏪ஥䈮䉲䊐䊃
䈚䇮DSC䈱Voc䈏ૐਅ䈜䉎䈖䈫䉕␜ໂ
䈚䈩䈇䉎䇯䉁䈢䇮ᰳ㒱Ḱ૏䈲㔚⩄ౣ
⚿วਛᔃ䈫䈭䉎䈖䈫䈪 DSC 䈱 FF 䉕
ૐਅ䈘䈞䉎䈖䈫䉕␜ໂ䈚䈩䈇䉎䇯 
 㓁ᭂ㉄ൻ䈮䉋䉍ᒻᚑ䈘䉏䉎㉄ൻ䉼
䉺䊮䊅䊉᭴ㅧ⭯⤑䈱ሹ䈲౞㍙⁁䈮
䈭䈦䈩䈍䉍䇮㔚⩄ャㅍ䈮ℂᗐ⊛䈣䈫
⠨䈋䉌䉏䉎䈏䇮೨ㅀ䈚䈢䉋䈉䈮ౝო
ጀ䈲 DSC䈱․ᕈ䉕ૐਅ䈘䈞䉎䇯䈠䈖
䈪䇮౞㍙⁁䈱ሹᒻ⁁䉕⛽ᜬ䈚䈢䉁䉁
ᰳ㒱䉕ਇᵴᕈൻ䈜䉎䈢䉄䇮྾Ⴎൻ
䉼䉺䊮䋨TiCl4䋩⴫㕙ಣℂ䉕ⴕ䈇䇮
DSC 䈱․ᕈ䈮ਈ䈋䉎ലᨐ䉕⺞䈼䈢䇯
࿑ 9䈮 TiCl4⴫㕙ಣℂ䈮䉋䉎 DSC䈱 I-V․ᕈ䈻䈱ലᨐ䉕␜䈜䇯TiCl4⴫㕙ಣℂ䈲䇮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑
䈱⴫㕙䈮ᢙ nm 䈱⭯䈘䈱㉄ൻ䉼䉺䊮䊅䊉☸ሶጀ䉕ᒻᚑ䈚䋨࿑ 10䋩䇮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑⴫㕙䈱ᰳ㒱䉕ਇ
ᵴᕈൻ䈜䉎䈖䈫䈮䉋䉍 Voc 䈱ૐਅ䉕ᛥ೙䈘䈞䉎䈖䈫䈏␜ໂ䈘䉏䈢䇯䉁䈢䇮⦡⚛ๆ⌕ല₸䋨⴫㕙Ⓧ䈭䈬䋩䉕ะ਄䈘
䈞䉎䈖䈫䈮䉋䉍⦡⚛ๆ⌕㊂䉕Ⴧട䈘䈞䇮⍴⛊㔚ᵹ䋨Isc䋩䉕Ⴧട䈘䈞䉎䈖䈫䈏␜ໂ䈘䉏䈢䇯䈘䉌䈮䇮I-V ․ᕈ䈱⹦⚦
䈭⸃ᨆ䉕ⴕ䈦䈢⚿ᨐ䇮TiCl4 ⴫㕙ಣℂ䈲䇮⋥೉ᛶ᛫䋨Rs䋩䈮䈲ᓇ㗀䉕ਈ䈋䈝䇮ਗ೉ᛶ᛫䋨Rsh䋩䉕ะ਄䈘䈞䉎䈖䈫
䈏ಽ䈎䈦䈢䋨⴫ 1䋩䇯䈖䈱⚿ᨐ䈲䇮TiCl4⴫㕙ಣℂ䈮䈲䇮㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱⴫㕙䈱ㆶర䉰䉟䊃䉕ⵍⷒ䈜
䉎䈖䈫䈮䉋䉍ᷫዋ䈘䈞䇮Rsh䉕ะ਄䈘䈞䉎ലᨐ䈏䈅䉎䈖䈫䉕␜ໂ䈚䈩䈇䉎䇯䉁䈢䇮Rs䈲ਥ䈮䉟䉥䊮䈱᜛ᢔ䈮ଐሽ䈜
䉎䈫⠨䈋䉌䈋䉎䈖䈫䈎䉌䇮TiCl4⴫㕙ಣℂ䈮䉋䉎ⵍⷒ䈲䇮䉟䉥䊮䈱᜛ᢔ䉕㒖ኂ䈞䈝䇮㔚⩄ャㅍㆊ⒟䈮ᓇ㗀䉕ਈ䈋
䈩䈇䈭䈇䈖䈫䉕␜ໂ䈚䈩䈇䉎䇯৻ᣇ䈪䇮ℂᗐଥᢙ䋨n䋩䈲Ⴧട䈜䉎䈖䈫䈏ಽ䈎䉎䇯䈖䉏䈲䇮⦡⚛ๆ⌕㊂䈱Ⴧട䈮
䉋䉎㉄ൻ䉼䉺䊮/⦡⚛⇇㕙䈱Ⴧട䈮䉋䉍䇮㔚⩄ಽ㔌㕙䈏Ⴧട䈚䈢䈢䉄䈣䈫⠨䈋䉌䉏䉎䇯䈠䈚䈩䇮TiCl4 ⴫㕙ಣℂ
䈮䉋䉍䇮FF䈲 n䈱Ⴧട䈮䉋䈦䈩ᷫዋ䈚䇮Rsh䈱ะ਄䈮䉋䈦䈩Ⴧട䈜䉎䈢䉄䈮䇮ᄌൻ䈚䈭䈇䈱䈣䈫⠨䈋䉌䉏䉎䇯એ
਄䈱⚿ᨐ䈎䉌䇮TiCl4 ⴫㕙ಣℂ䈲㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑⴫㕙䈱ᰳ㒱䉕ਇᵴᕈൻ䈚䇮䈘䉌䈮⦡⚛ๆ⌕ല₸䉕
ะ਄䈘䈞䉎䈖䈫䈮䉋䉍䇮DSC䈱ᄌ឵ല₸䉕⚂ 2୚䈮ะ਄䈘䈞䉎䈖䈫䉕␜䈚䈢䇯 
 
╙䋵┨ ⚿⺰  
એ਄䇮ᧄ⺰ᢥ䈪䈲䇮㓁ᭂ㉄ൻ䈮䉋䉎࿕૕ၮ᧼਄䈻䈱㉄ൻ䉼䉺䊮䊅䊉᭴ㅧ⭯⤑䈱ᒻᚑ䈍䉋䈶ᒻ⁁೙ᓮ䈮䈧䈇
䈩␜䈚䇮䈠䉏䉕↪䈇䈩೨㕙ᾖ኿ဳDSC䈏૞⵾䈪䈐䉎䈖䈫䉕␜䈚䈢䇯䈘䉌䈮䇮DSC䈱․ᕈ䈮෸䈿䈜㉄ൻ䉼䉺䊮䊅䊉
᭴ㅧ⭯⤑䈱ᰳ㒱䈱ᓇ㗀䉕⺞䈼䇮䈠䈱⍮⷗䈎䉌⴫㕙ಣℂ䈏ᄌ឵ല₸ะ਄䈮ലᨐ⊛䈪䈅䉎䈖䈫䉕␜䈚䈢䇯䈖䉏䉌䈱
ᚑᨐ䈲䇮੹ᓟ䈱 DSC 䈱㐿⊒䈮䈍䈇䈩ᭂ䉄䈩᦭↪䈪䈅䉍㔚᳇㔚ሶ᧚ᢱᎿቇ䇮㔚ሶᎿቇ䈱⊒ዷ䈮ነਈ䈜䉎䈫䈖䉐
ዋ䈭䈒䈭䈇䇯 
⴫ 1  TiCl4⴫㕙ಣℂߦࠃࠆฦ⒳ᄥ㓁㔚ᳰࡄ࡜ࡔ࡯࠲߳ߩലᨐ 
TiCl4 (h) Voc(V)
Isc
(mA/cm2) Ș (%) FF n
Rsh
(kȍcm)
Rs
(ȍcm)
0 0.61 6.9 2.6 0.63 2.3 1.5 4.4 
48 0.67 10.2 4.2 0.61 2.8 3.8 4.9 
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࿑9  ㉄ൻ࠴࠲ࡦ࠽ࡁ᭴ㅧ⭯⤑ࠍ↪޿ߚ
DSCߩ I-V․ᕈ߳ߩ TiCl4⴫㕙ಣℂߩലᨐ 
2 µm 200 nm
TiCl4 treatment䋺0 h
  
2 µm 200 nm
TiCl4 treatment䋺48 h
   
࿑ 10 TiCl4⴫㕙ಣℂ೨ᓟߩ
㉄ൻ࠴࠲ࡦ࠽ࡁ᭴ㅧ⭯⤑ߩ
FE-SEM௝ 
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